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BEAM LOADING AND A 30° ANGLE OF DEAD RISE

By Sldney A. Batterson and A. Ethelda McArver
SUMMARY

A model having a heavy beam loading and an angle of dead rise of 30°
was subJected to smooth—water impacts in the Langley impact basin., The
tests were made at fixed trims of 6°, 15°, 30°, and 45° for a range of
flight—path angles from approximately 2° to 22°. The beam~loading coef—
ficient (18.8) was comstant throughout the test.

Time hlstories of horizontal and vertlcal displacements, vertical
velocity, vertical acceleration, end pltching moment were obtained. The
rosults are presemted as plots showlng the verlation of the experimsntally
determined quantlties converted to nondimensional coefficients with the
flight-path angle at water contact. Throughout the tests maximm accel—
eration occurred subsequent to chine immersion. The impact 1ift coeffi-—
clent increased with trim up to 30°; however, no change was apparent
between the trims of 30° and 45°. Throughout the renge of these tests
the draft appeared to be solely a function of flight—path angle.

INTRODUCTION

Intersest in the hydrodynamic characteristics of conflguratlions
having heavy beam loadings has been stimulated recently by both the
development of high-length—beam—ratioc flyling boats and the comsiders—
tions being given to the use of hydroflaps as a means for slleviating some
of the take—off and lending problems posed by high—speed alrcraft.
Theoretical considerations indicate that landings associated with heavy
beam loadings wlll exhibit greater depths of immersion in order to dis—
sipate the verticel momsntum. Development of the equatlons necessary
to predict the loads resulting from immersion of such configurations
has been handlicapped by the lack of pertinent experimsntal data. Even
though the theory developed iIn reference 1 1s very general and Indicates
that the maximum load occurs subsequent to chine immersion for the heavy—
beam—loading case, the equations and coefficients developed In refer—
ences 1 and 2 are limlted to landings In which maximum load occurs
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before or within a limited remge subsequent to chine immersion, In

order to convert the equations to a form valld for the heavy—beam—loading
case, the theory mist be evaluated on the basis of pertinent experi-—
mental data to determine the relative importance of the verious quan—
tltles. The purpose of this paper 1s to present experimental data that
can be used in extending the range of the equatlions to include substan—
tial amounts of chine immsrsion.

Tests were conducted in the Langley impact basin wilth a model
having a dead~rise angle of 30°, a beam of 1 foot, and a length
of 5 feet. The total weight was 1172 pounds. The tests were made over
a very wide trim range in order to slmilabte landings of alrcraft equipped
wlth hydroflaps as well as landings of seaplanes having high length-beam
ratios. This paper presents test resulis and dlscusses the effects of
verlous paremeters. '

SYMBOLS

f angle of dead rise, degrees

4 flight—path angle relative to undisturbed water surface,
degrees

o density of water (1.938 slugs/ocu f£t)

T, trim angle, degrees

b model beam, feet

g acceleration due 'Eo gravity (32.2 fps)

1 wetted keel length, feet (y/sin 1)

M pltching moment, pound—feet - — -

Ny, impact load factor, measured normal to undlsturbed water
surface, g units *

t time after contact , seconds

v resultant -velocity of model, feet—per second

W dropping weight, pounds . o ~

w specific weight of water (62.4 1b/cu f£t)
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1

velocity of model parsllel to undlsturbed water surface,
feet per second

Immersion of model normal to undlsturbed water surface, feet

¥ velocity of model normal to undisturbed water surface,
feet per second

c distance from reference to center of pressure, feet

b
o(A) aspect—retio correction factor
Subscripts:
o at water contact
£ referred to fromt fittings
8 referred to step
max meximim

Dimensionless wvariables:

niww
Cy impact 1ift coefficient 150
§va b
Ca draft coefficlent (%)
V.t
Ct . time coefficlent | —&—
b
Cum pltching-moment coefficlent -
1 2.3
=pVg b
270
°p
Cep center—of—pressure coefficient (T)
Ca beam—loading coefficient A

wb3
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APPARATUS

The investigation was conducted in the Langley impact basin with
the test equipment and Ingtrumentation descrlbed in reference 3. The test
model was 1 foot wide and had & dead—rise angle of 30° and a prismatic
gection for a length of 5 feet. The model was constructed of mild steel,
the parts of which were welded together, and was designed so that the
strength of- the model was such that any structural deformations under
load were negliglible. The lines and pertinent dimensions of the model
are shown in figure 1 end a photograph of the model is presented as
figure 2.

The model was rigidly attached to a load-measuring dynamometer which
in turn was attached to the carriage boom. Veriastions in trim were
obtalned by utilizing various lengths of trim links between the rear
attachment point of the dynamomster and boom (fig. 2).

The instrumentation used to measure both the vertical displacement
and velocity and the horizontal displacement and veloclty was described
in reference 3. Accelerations in the vertical directlon were messured
by a standard NACA air—damped accelerometer having a range of —lg %o 6g
and a natural frequency of 16.5 cycles per second with approximately 0.65
of the critical demping. The initlal water contact and water exit of the
model were determined by means of an electrical circuit campleted by the
water. Complete time histories of the parameters were obtained on a
recording oscillograph. - A sample record is shown in figure 3.

PRECISION

The apparatus used in the present investigation gives measurements
that are belileved correct within the following limits:

Horizontal velocity, feet per second . . « « o ¢ ¢ ¢ ¢ ¢ o o ¢ o & +0.5
Vertical velocity at contact, feet per second . . . « . « « « « « 0.2
Vertical displacement, feet~ . . « « + ¢« ¢ ¢ v v ¢ ¢ ¢+ ¢ o « o T0.02
Acceleration, percent . . « ¢« ¢ « « 4 4t 4 e e e e v 0 0 s e o E5
Time, SCONAE « « o « « « o « ¢ & + s o o ¢ o « o o o s o s s« 10,005
Weight pounds . . . . . - =0

Pitching moment about front fittings, percent—. . . . . « X5
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TEST PROCEDURE

The model was tested at 0° yaw end at trims of 6°, 15°, 30°,
and 45° in smooth water. The horizontal velocity for these tests
rengsd from approximately 25 to 90 feet per second, and the vertical
velocity ranged from approximastely 3 to 10 feet per second. The depth
of immersion of the model was measured from the instent of inltial
water contact and in & direction perpendiculer to the undisturbed water
surface. During the Impact process, a 1ift force equael to the total
welght of the model and drop linkage was exerted on the float by means
of the 1ift engine described in reference 3.

The pitching moment was measured by the dynamomster, the comstruc-—
tion of which was such that pltching moment about the front filttings of
the model (fig. 1) was measured directly. The vertical load was
measured by both the dynamometer 'and an accelercmeter located on the
boom. Comparing the velues from both instruments showed that very good
agreement was obtalned; however, since the date obtained wlth the accel-
ercmeter appeared to have less scatter than those obtalned with the
dynamometer, the accelerometer results were used In working up the test
data presented in this paper.

Particular care was exercised during the test to insure that only
the prismatic gection of the model was immersed. The limiting condltlon
wag reached by making the Initial- runs for each trim at the lowest
flight—path angle obtalnable. The flight—path angle was then progres—
sively increased until the immersion of the model was such that =
further increase in flight—path angle would have caused the bow to enter
the water. :

The model together with the drop linkage weighed 1172 pounds; however,
they were in turn attached to a carriage weighing 5600 pounds., This con—
dition affected the motion of the model in that the drag forces acting on
the model did not develop the horlzontal acceleration that would have
resulted in the absence of the carriage mass. The hydrodynamic equations
appearing in references 1 and 2 are in a form which permit separation of
the Horizontal and vertical mass, The values of the horizontal and
vertical mass were substituted into the equations and the solutions
compared with solutions for which this mess inequality 4l1d not exist.
Although the solutions are strictly velid only for the infinite—beam
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float, the results are believed to approximate the error which can be v
expected in these tests, and the range in which it is most serious,

The results of the calculations showed that-the carriage-mass effects

cause the largéet discrepancies at the high trims eind high f£light-path

angles; however, the discrepancies in maximum losd 4id not exceed

5 percent throughout the trim range and flight-—path—a.ngle range

covered during these testsa, .

RESULTS AND DISCUSSION

The values of the independent as well as the dependent experimental
perameters are presented in table I. The btest results are alsoc pre—
sented as plots showing the variation of the experimentelly determined
quantities converted to nondimensional coefficients with the initial
flight—-path angle 75. Since the nondimensional coefficients employed

do not include values affected by changes in geometry asnd loading, the

results are valid only for a prismatic form having a dead—rise angle

of 30° and a beam-loading coefficient of 18.8. Use of the coefficlents

presented In reference 2 is not feasible since they are based on the

equations presented in reference 1, and, as such, contain relatlonships -
apecified by the equations. The theoretlicel squations ere for the case

of a prismatic section with infinite beam and are valld only when the

chines sre not immersed. ZIXor this condition,” the shape of the wetted : +
sree projected in the plene of the undisturbed water surface will

obviously be a triangle for a prismatic body having a congtant dead—

rise angle (fig. 4(a)). If; however, chine immersion occurs during

impacts of a prismatic form having a constent dead-riese angle, the pro—

Jected erea takes the form of a triangle in the forwerd portion with a

rectangle attached to it as shown in figure 4(b). Very good agreesment

was obtailned in references 1 end 2 between the theoretical equeations

and the experimental results when an aspect-ratio correction _

=] -~ ten T
2 tan B

which the chines were not lmmersed. Since the trim was assumed to

remain constant throughout the immersion, the aspect-ratio factor was

also & constant throughout the immersion. It is uncertein whether the

aspect—ratio correction factor in this form ig valld for the immersions -

having projected wetted ereas including both the triangular and rec— )

tanguler forms. Furthermore, the increase of the virtual mess In the

rectangular portion will differ from that resulting in the triangular

portion and thereby further affect the net impact load predicted. by

the Infinite~beam equations. I

factor o(A) was used in the solutions for impacts in

Figure 5 shows a plot of-the impact Lift coefficient agalngt flight—
path angle at water contacts Tnesmuch as the liftengine contributed -a -
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force equél to the dropping welght, 1 g was subtracted from the values
obtained from the acceleromster records used in determining (niv)

in order to isolate the hydrodynamic impasct force. Figure 5 shows that
the impact 1ift coefficient increases with trim up to 30°; however, no
change 1s apparent between the trims of 30° ang 45°,

Figure 6 presents the draft coefficient at the instant of meximm
displacement and also at the instant of maximim acceleration plotted
against Tflight—path angle at water contact. A curve can be falred
through all the test points corresponding to the instant of maximm
acceleration end another curve can be falred through those corresponding
to the maximum Immerslon. Therefore, the effect of trim was not pro—
nounced and the draft appears to be a function of the flight—path angle
alone throughout the trim range of these tests. Maximum acceleration
occurred subsequent to chine lmmersion end prior to maximm immersion
in all cases. This fact is based on the geomstric interpretation of
the draft coefficient required et each trim to immerse the chines with
respect to the undisturbed water surface. If wave rise is consldered,
chine Immersion would occur even sooner. At flight—path angles smaller
then those covered during these tests, maximum load could occur prior
to chine immersion. The semple oscillograph record presented in
figure 3 clearly 1llustrates the relation between ths tims of maximm
load and chine immersion.

The ratio of the wvertical velocity at the instant of meximmm
acceleration and the vertical velocity at the instant of model exit to
the Initiael vertlcal velocity is plotted againet Plight—path angle at
water contact In flgure 7. The large amount of scatter apparent in the
veloclty ratio 1s attributed to the frequency-response errors inherent
in the velocity recorder. The scatier present in figure T mskes 1t
difficult to determine any clearly defined trends of the velocity ratio.

The effect of the flight-path angle at water conbact upon the time
to reach maximum acceleration, to reach meximum draft, and for the model
to.exit is shown in figures 8(&) 8(v), and 8(c), respective_ly The
variation of the time coefficient with fligh'b—pa.th angle at water con—
tact does not appear to be affected by trim up to the time of meximum
acceleration (fig. 8(a)); however, at the time of maximm draft the
6° trim results show higher va.lues than the remsining trim results
(fig. 8(b)). At the instant of exit (fig. 8(c)}), the 15° trim results
are observed to have slightly higher vaelues than the 30° and 45° trim
results, which still fall together.

Figure 9 presents the pitching-moment coefficlent at (niw)

about the front f£ittings asgeinst the flight—path angle at waeter con—
tact. Since the drag forces parallel to the keel are very emall, the
resultant load ls considered to be normsl to the keel. Therefore, the
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direction of the resultant load is substantially parallel to the center .
line of the front Pittings and the pitching-moment erm can be consldered

as the dlstance between the resultant load on the float bottom and the

center line of the fromt fittings. The effect of the lnertla force can

be neglected because calculations including this effect showed it to be

negligible since the model mass below the dynamometer was only a small

part of the total dropping weight. The distance of the cemter of

pressure from the center line of the front fitting is therefore obtained

from the relation cCy, = .
s ny .
W .
W
cos T

Tn order to present the data in a more practical form the dlstance
of the center of pressure from the front fitting (fig. 1) was subtracted
from 36.375 inches (converted to feet) and resulted in a value of center—
of—pressure distence from the step Cpg for each test run. These

values of Cpg obtained at the time of maximum acceleration are divided

by the model beam to form nondimensional center—of<pressure coefficients
at the time of (niw)max which are plotted against flight—path angle at

water contact in figure 10. The scatter in the test data eppears rather
large. This scatbter is largely attributed to the fact that two experi—
mentally determined paremeters ni. and Mp, with the attendant experi— e

mental errors of each, were used in obtaining the values of center—of—
pressure dlstance.

The relation 1 = —i%—'r- represents the wetted length along the
8

keel of the model providing that water rise along the keel during the
c
imersion is neglected. The ratio —g—s- 1s therefore representative

of the dlstence between the step and center of pressure as a proportion
of the entire wetted length slong the keel. This parameter is plotted
egainst the flight—path angle at water comtact in figure 11 by use of the
faired values of draft coefficients from figure 6 and center—of-pressure
coefficients from figure 10, For the infinite-beam float, the center—
of—pressure dlstance forward of the step was shown to be approximately
one~third the wetted keel length (reference )., Pigure 11 shows that

the center of preassure occurs substantially forward of the one—third
point throughout the entire range tested except for the runs made at

450 trim at the very low flight=path engles. The fact that the center—
of-pressure distence 1ls substantially greater than one—third the wetted
keel length from the step and even exceeds ome~half in most of the runs &
indicaetes that a greater proportion of the load occurs in the forward

Cpg
wetted portion (fig. W(b)). The values of the ratio -3= less than _
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one-third occurring In figure 11 can only be explained by insbrument
error. These values were obtalned at comparatively small immersions,
and slight errors in the measured psremeters Yy, ny., and Mp result

c
in apparently large errors in the ratlo -—%ﬁ-

The pitching moment at the time of maximum accelerstion will differ
very 1llttle from the meximum pitching moment about. the step because the
maximim draft was only slightly greater than that occurring et maximm
acceleration (fig. 6), and since the vertical load decreased between
these two values, the pltching moment changes very little. The varia—
tion of the piltching-moment coefficient ebout the step with flight—path
angle at water contact is shown In figure 12. The values of CMg

appearing in figure 12 were derived from the faired values of the impact
1ift coefficlent (fig. 5) and center—of-pressure coefficient (fig. 10).

The runs made at high trims ®nd high speeds showed excessive spray
cheracteristics. Dense clouds of spray were thrown up and reached
heights equlvalent to approximately four times the over—ell model length
(approx. 20 £t). However, as the trim and speed were reduced, this con—
dition showed marked Improvement.

CONCLUSIONS

Tests were made In the Langley impact basin to obbtaln experimental
date from smooth-water landing tests of a model having a heavy beam
loading, an engle of dead rise of 30°, and a beam-loading coefficient
of 18.8. The results of the tests which were made at constant welght
and at trims of 6°, 15°, 30°, and 45° indicated the following
conclusions:

1. Maximum acceleration occurred subsequent to chine immersion
throughout these tests. '

2. The impact 1ift coefficient increased with trim up to 30°;
however, no change was apparent between the trims of 30° and 450,
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3. The draft appeared to be a function of flight—path angle alone
throughout the trim renge of these tests.

i, The greater proportion of load was developed on the forward
wotted portion of the model throughout most of these tests,

Langley 'Aeronautical Laborebory
National Advisory Cormittee for Aercnautics
Langley Air Force Base, Va., November 18, 1949
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TABLE T

IMPACT-LOADS DATA FROM TESTS OF A MODEL EAVING A HEAVY BEAM LOADING
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@) Chines rnor immersed.

(b} ChHines immersed.

Figure 4.~ Wetted areas in plene of undisturbed water surfaces for model at pesitive trim.

GTOZ NI VOVN

LT




L5
P
10 T
2 [
o 6
2 ¥ o /5
0 3z - {
-.&50 A Q/A
Q\I\h] /
G %0
1y N F
N
$ o
3 %
% o =
S e
h K>
g }K/D/
20 v :
3 7 # @/a/
2
& s
4O / “
09 -
e (o)
i rl 3 £ 5 6 7 & 9w S0 &5

81

Fight-path omphe af waler caniact,?,, a8y

Figure 5.- Variatlon of impact 1ift coefgicient with flight-path angle at water contact.
B = 30%; Cp = 18.8.

GTO2 NI YOvM




24
ja
20
oﬁffu.,-_ /A
A @n)/mr /
. i A ,/K/_\
o //
ii 8
N g
40 L2 ;
N ﬁ%
) X
S /éé
'y
Y A
§ 4 _ “
4+,
; rat
Q Cinl AN
op TN
S NACA,
2} I
/ 2 3 £ & 6 7 8 9/ 20 &5

Flghr~path ongle af weter confact,,dz

Flgure 6.- Veriation of draft coe:fi’icient with flight-path a.ngle at water contact.
30%; cp = 18.8.

B =

CT02 NL VOVM

61




20 NACA TN 2015

L&

7roe
o .-6_9
Al max acceleralion <D> J’g
A 45
8
4 ©A B g Eb Ol ¥ a At
- A
4 J AN O > & A Y. <ﬂ
O 1o ] 14 i oA
SIRY o @ |y a @QA
o <O
5
N o
D
) At et
S A
3 P
) -4 o A
~
R 9 . ol 4 A
N olm ¥ | @ o8 o
S g [@ A
X, o : . /
o o @f
) i
/ 2 3 4 &5 6 7 8 9N 20 &5

Flight-path angle at water contact, ,,0eg

Figure 7.- Variation of vertical velocity with flight-path angle at water
contact. B = 30°%; Ca = 18.8.



NACA TN 2015

21
/5 -
o o 7%
B L Al s 3 3
/0 2. o &
g O——-A———EE .
8 B B o
e o M\A
7 e
6 : 2
+;F3 s éﬂ/qrcqrmo&nax'
S
i
=4 od @
\3
% s “Eﬁn\ 5] 2
N ® o <>Elzsé§§§?é§- 514 A 3
LN ©
v
S s WA Yy
9
)
§
N
0
40 g ©
<>
T A
30 RS _&@_,A———O‘ ~
Qy———ﬁrck—frqgﬁgﬂb’
e
&0 ) Ar exit. |
/ 2 3 4 5 6 78 9K o &5

Flight-path agle at* water confact,?”, dey

Figure 8.- Variation of time coefficient with flight-path angle at water

contact. B = 30°; Cp = 18.8.



8

>¢Oo
&8 C}IO.AQ

N

A
~
//
/,w
Lo,

/wK/

A
p3 Bt

o

Friching-momernt coelfFcient C,, = 7/‘2:‘,
| /’:7 7 M'f .‘!Fia,
1‘#\

/. e 3 ¢ &5 6 78 9m &0 &5
Fhight-path angle at woter contact,?,, deg

Figure 9.- Variation of pitching-moment coefficient referred to front fittings at time of (niw)max

with flight-path angle at water contact. B = 30°0; Cp = 18.8.
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Figure 10.- Veriation of center-of-pressure coefficient referred to step with flight-path engle at
water contact. B = 30%; Cn = 18.8.
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to wetted length with flight-
B = 30°; Cp = 18.8.
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